We started using intercostal nerve transposition anastomosis with the sacral nerve root and cauda equine in 1976. The nerve transposition surgery was firstly reported by American physicians in 1911, but the effect was not obvious. In 1987, therapeutic effect was changed to nerve transposition with intercostal vessels, which improved function, but was still not ideal. The follow-up observation showed that even if muscles that the grafted nerve innervated had no obvious atrophy before operation, most of the atrophy was severe and the movement function did not recover postoperation. Clearly, after the anastomosed nerve was cut off, the muscles with original spastic paralysis without apparent atrophy become seriously atrophied and flaccid and lost lower central innervation and nutrition, which is irreversible. Although most patients with hemiplegic cerebral palsy can find out nerve donor nerve for performing nerve transplantation and grafting or side by side suture from the paralyzed side, the transposition of the unaffected nerves or grafting with the affected ones provides a new choice for severe cases. And bilateral lumbar sacral roots need to be free grafted with a short length.
Since 1990, we have switched to selective incising of receptor nerve, especially the nerve trunk in control of spasmodic paralysis. We found that after the operation, the spasm had been alleviated and the severe muscular atrophy did not appear, and the optimal rate of limb function was significantly improved. We called this "nerve transposition with vessels and the XX nerve selective anastomosis". Through the operation, the paralyzed muscles gained residual muscle tension and reversed pathological shrinkage, achieved the active contractile force restored by innervated muscles, and function of reconstruction was partially achieved.
Based on the literature, the method involving the growth of lateral bud and end-to-side stitching, has been continued experimentally and clinically, but since the prerequisite is that the receptor nerve must be adjacent and parallel, appropriate cases are limited. Secondly, small segments of autograft nerve bridge with each other through side-to-end or end-to-side stitching. By accidentally making a lateral incision, we cut off a small number of nerve fibers, and after close observation there was no dysfunction of the donor nerve; through designing experiments and clinical practice, we explored a new method of cutting 50% reserves of normal nerve called nerve transplanting and grafting technique. The affected side had no normal nerve for transposition, and in the absence of a donor nerve, we thought of the reserves of the nerve fibers according to the anatomical physiology. We firstly succeeded in experimental animals as expected, where we severed less than 30% of the nerve trunk of rabbits or rats. The strength of muscles innervated by the original nerve did not decline, was still preserved at level 4, and could recover after one week.
We started using this method in treatment in 1992, and we used it first for children's cerebral palsy. We incised 15% of the ipsilateral brachial plexus of lateral cord and upper trunk, dissociated medial brachial cutaneous nerve into two pieces, and grafted and bridged to the posterior cord and medial starting segments created by the selective cutting of 20% nerve fibers. This technique was used in the treatment of spastic paralysis dominated by middle and lower trunk of the brachial plexus (C7, 8, T1). The spasm was eased and neurological function was regained to some extent, and functional areas did not have obvious loss of function. Severe stroke hemiplegia, traumatic brain injury, and brain tumor surgery are similar to children's cerebral palsy.
As the affected side had no selective nerve, we selectively incised 10%-15% of two or more nerve roots (trunks, cords) of brachial plexus, lumbar plexus, and sacral plexus of the unaffected side. Using autologous nerves (from medial brachial cutaneous nerve, medial antebrachial cutaneous nerve, posterior femoral cutaneous nerve, and sural nerve) we grafted and bridged affected brachial plexus (the middle, lower trunk, and lateral cord of C5, 7 or C6, 7, 8), lumbar plexus (L2, 4, or L1, 3), and sacral plexus (S1, S2 or 3 and 4). The donor nerve is available on the affected side in the most of stroke patients with hemiplegia and cerebral palsy in children with upper limbs paralysis, but the patients with lower limb paralysis who lost the ability to walk should be grafted from the unaffected side. The distance between the donor and receptor nerve is closer, bridging nerve is short, so the effect of lower limb surgery is better than that of upper limbs.
Most of the brachial plexus passes through the anterior esophagus and posterior centrum, and a few of them through the interspinous pathway. The stitched point was located in the intertransverse articular cavity. Lumbar and sacral plexus both pass through the posterior pathway. The pathway of lumbar vertebrae is similar to the cervical posterior pathway of the brachial plexus, and the sacral roots are stitched in the sacral joint. To prevent the proximal part of the recipient nerve that has been cut off growing to the distal, which may cause spasm and block the donor nerve fibers growing to the distal, incision is made in the shape of a wedge, and the margin of the bridged nerve is cut in the shape of a beak. After inserting and suturing, the shape resembles that of a fruit tree graft, and therefore the technique is called "grafting".
This method has many advantages over conventional neural transplantation or transposition. First, without sacrificing any intact nerve root or trunk, dysfunction of any normal muscle group can be avoided, and the force of a small number of muscles will fall within one level. However, the obtained number of nerve fibers through multiple combinations is more than that of a single nerve root. Second, the spasmodic paralytic muscle group that is controlled by the recipient nerve will undergo flaccid paralysis and loss of neurotrophicity, even irreversible, atrophy. It retains the valuable muscle tension and pathological shrinkage for the reconstruction function. Third, because the nerve is not completely cut off, there is no significant retrograde collapse in the superior and inferior center of the recipient nerve. Finally, because of the existence of nerve continuity, as long as the bridge is not too short, there is no need to be concerned about the problem of anastomotic tear caused by the difficulty of fixation after nerve grafting and bridging.
Shaocheng Zhang, Chief physician, professor, and doctoral supervisor. He has been engaged in orthopedic clinical, teaching, and research studies in Changhai Hospital for over 40 years and has vast clinical experience. He has rich experience in limb orthopedics, tissue repair, and hand, foot functional reconstruction. He is a leader in the field of microsurgical treatment of peripheral nerve injury. He is an internationally recognized expert in the field of functional reconstruction of spinal cord injury, cerebral palsy of children, cerebral trauma, and spastic paralysis after stroke. Many of the new technologies that he pioneered have been affirmed and cited by internationally renowned textbooks and magazines.
